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1. INTRODUCTION {#jia225516-sec-0005}
===============

Globally, men who have sex with men (MSM) shoulder a high burden of HIV \[[1](#jia225516-bib-0001){ref-type="ref"}\], with HIV acquisition risk 28 times higher than among men who only have sex with women \[[2](#jia225516-bib-0002){ref-type="ref"}\]. In Kenya, bio‐behavioural surveillance studies among MSM in 2010 (the most recent national data available) documented an HIV prevalence of 18.9% \[[3](#jia225516-bib-0003){ref-type="ref"}\], whereas the HIV prevalence among men in the general population in Kenya, in 2018, was 3.1% \[[4](#jia225516-bib-0004){ref-type="ref"}\]. Thus, MSM comprise a priority population in Kenya's national HIV response, despite the criminalization of same sex relationships \[[5](#jia225516-bib-0005){ref-type="ref"}\].

There are more than 30 MSM‐focused HIV service providers (non‐governmental and community‐based organizations) in 33 of the 47 counties in Kenya \[[6](#jia225516-bib-0006){ref-type="ref"}\]. They work in partnership with the National AIDS and STI Control Programme (NASCOP) and the National AIDS Control Council under the Ministry of Health. Services related to HIV care include HIV prevention, testing and linkage to HIV treatment, provided by MSM‐focused clinics or government clinics, as preferred by the client \[[7](#jia225516-bib-0007){ref-type="ref"}\]. In 2012, geographical "hotspot" mapping and population size estimation of MSM in Kenya found that MSM primarily met male sex partners in physical spaces such as venues (bars, clubs), streets, homes and sex dens \[[8](#jia225516-bib-0008){ref-type="ref"}\]. Accordingly, MSM‐focused HIV services were largely designed around outreach at these physical sites \[[7](#jia225516-bib-0007){ref-type="ref"}\].

In Kenya, as elsewhere in sub‐Saharan Africa, and in other low and middle income settings, MSM are increasingly using virtual, web‐based apps and social network sites to meet male sex partners \[[9](#jia225516-bib-0009){ref-type="ref"}, [10](#jia225516-bib-0010){ref-type="ref"}, [11](#jia225516-bib-0011){ref-type="ref"}, [12](#jia225516-bib-0012){ref-type="ref"}, [13](#jia225516-bib-0013){ref-type="ref"}\]. Studies conducted in Malawi, Namibia and Botswana in 2008 showed that in a pooled analysis, 44.7% of MSM had used the Internet to find male sexual partners in the last six months \[[14](#jia225516-bib-0014){ref-type="ref"}\]. Similar studies conducted in 2011 in Eswatini, 2014 in Lesotho and 2015 in Nigeria, respectively, reported that 39%, 44% and 62% of MSM met new male sex partners online \[[10](#jia225516-bib-0010){ref-type="ref"}, [15](#jia225516-bib-0015){ref-type="ref"}\]. In Kenya, Internet‐based mapping conducted by NASCOP in 2018 found that 25% of MSM sought male sexual partners solely in virtual sites, and thus would be missed in mapping and estimation that only included physical sites \[[16](#jia225516-bib-0016){ref-type="ref"}\].

As indicated earlier, studies from sub‐Saharan Africa suggest that HIV prevalence is higher among MSM who seek partners in virtual sites than in physical sites, and that a large proportion are unaware of their HIV‐positive status \[[14](#jia225516-bib-0014){ref-type="ref"}, [15](#jia225516-bib-0015){ref-type="ref"}\]. There are no data from Kenya comparing HIV risk or engagement in HIV services by MSM who met their partners in virtual as opposed to physical networks. There is also a concern that men who solely engage in virtual networks to meet sex partners may be less visible to existing MSM‐focused service providers, because services generally rely on outreach to physical sites \[[17](#jia225516-bib-0017){ref-type="ref"}\]. At present in Kenya, MSM‐focused service providers do not systematically leverage online platforms to reach MSM at scale, although a few pilot projects have tested specific online platforms to reach MSM who use virtual sites \[[18](#jia225516-bib-0018){ref-type="ref"}\].

Thus, to adapt MSM‐focused HIV prevention and care services in response to the changing landscape of how men meet other men for sex, it is important to understand whether and how MSM who meet other male sex partners solely in physical spaces (PMSM), may differ from those who meet partners in both physical and virtual spaces (dual network, DMSM), and MSM who solely meet sex partners in virtual spaces (VMSM), with respect to socio‐demographic characteristics, sexual behaviour and HIV prevention and care related practices. Our aims were to compare the following parameters between the three groups: (i) engagement in HIV services, including HIV testing; (ii) HIV prevalence and (iii) engagement in the HIV care continuum (awareness of HIV‐positive status and linkage to antiretroviral therapy (ART) for people living with HIV (PLHIV). We then sought to estimate the independent risk of HIV by network type, after accounting for individual‐level predictors of prevalent HIV infection among MSM in Kenya \[[19](#jia225516-bib-0019){ref-type="ref"}, [20](#jia225516-bib-0020){ref-type="ref"}, [21](#jia225516-bib-0021){ref-type="ref"}, [22](#jia225516-bib-0022){ref-type="ref"}\].

2. METHODS {#jia225516-sec-0006}
==========

2.1. Study setting {#jia225516-sec-0007}
------------------

This community‐based study was conducted in three counties in Kenya: Kisumu, Mombasa and Kiambu, representing the western, coastal and central regions of Kenya respectively.

2.2. Study design and participants {#jia225516-sec-0008}
----------------------------------

We used data from a cross‐sectional bio‐behavioural survey conducted among 1200 MSM recruited from virtual and physical sites in the three counties, from May to July 2019, as part of the baseline for an evaluation of HIV self‐testing implementation strategies among MSM \[[23](#jia225516-bib-0023){ref-type="ref"}\]. Participants were included if they: (a) identified as male; (b) reported engaging in anal or oral sex with another male in the previous 12 months; and (c) were of 15 years of age or above. The study was co‐designed with community researchers and community‐based organizations in each of the three counties \[[23](#jia225516-bib-0023){ref-type="ref"}\]. A multi‐stage cluster sampling approach involving physical and virtual sites was used to recruit 1200 participants. Programmatic mapping and enumeration was conducted in physical sites and in virtual sites where MSM met other male sex partners, to generate the sampling frame \[[16](#jia225516-bib-0016){ref-type="ref"}, [24](#jia225516-bib-0024){ref-type="ref"}\]. A sample size of 1200 (400 in each county) was calculated to observe, with 80% power, a 10% to 15% absolute difference in the proportion of MSM living with HIV who are diagnosed and aware of their HIV status, between a baseline and a post‐intervention survey. After stratifying by county, we separately sampled sites to recruit 200 MSM from physical sites and 200 MSM from virtual sites in each county. Recruitment via physical sites involved random sampling of sites, within which two participants were randomly selected for recruitment. Each eligible participant who consented to participate then provided a list of all known contacts that identify as MSM, from which a random sample of one contact was selected for peer‐recruitment into the study. Recruitment via virtual site sampling was based on the estimated number of MSM who met sex partners using each virtual site within each county. Virtual sites were selected via random sampling, and peer researchers used each randomly selected virtual site to further randomly recruit the pre‐defined number of potential participants who were online when the peer researcher logged into the site. As with physical sites, each consented participant from the virtual sites provided a list of all known contacts that identify as MSM, from which a random sample of one contact was selected for peer‐recruitment into the study. The methodology is described in detail elsewhere \[[23](#jia225516-bib-0023){ref-type="ref"}\].

2.3. Data collection {#jia225516-sec-0009}
--------------------

Data collection took place in private spaces (e.g. community‐based organizations, offices, drop in centres and clinics), at a time and location that was convenient to the participant. Individuals who met eligibility criteria were requested to visit a specified data collection site, where they were invited to provide informed, written consent, and they could choose to participate in all or some elements of the baseline bio‐behavioural survey. Trained researchers administered a face‐to‐face structured questionnaire (Appendix [S1](#jia225516-sup-0001){ref-type="supplementary-material"}) in Kiswahili or English, as preferred by the respondent. All participants were offered HIV testing and counselling with a rapid two‐test algorithm as per Kenya national guidelines, with onsite reporting of results. If their HIV test was positive or inconclusive, participants were also offered accompanied referral to an MSM‐focused clinic, or to a government testing and treatment clinic. All participants were provided with condoms and lubricants, and given information on HIV self‐testing. Those who were seronegative were also offered referral for HIV pre‐exposure prophylaxis through local MSM‐focused clinics. Participants were also asked to provide a dried blood spot for HIV confirmatory serology, performed at the HIV National Laboratory in Nairobi, using the Bioelisa HIV test kit for screening and if positive, the Murex HIV1‐2‐O test for confirmation. Completed questionnaires were transferred to Nairobi and data were entered into a database developed using Census and Survey Processing System software (CSPro, US Census Bureau and ICF International). The data collection process is detailed further in the study protocol paper \[[22](#jia225516-bib-0022){ref-type="ref"}\].

2.4. Measurement and data analysis {#jia225516-sec-0010}
----------------------------------

To define our three groups of interest, we used the following question (Appendix [S1](#jia225516-sup-0001){ref-type="supplementary-material"}): "which are the different places/locations through which you have met other male sexual partners? (more than one option possible)" (question 17). If responses included "other," researchers asked the respondent to specify, and places/locations were classified as virtual or physical sites during the analysis. Locations such as Internet/web app, Facebook, WhatsApp, mobile were categorized as virtual sites; and street, home, bus/taxi stand/lodge/markets/social gatherings were categorized as physical sites. Participants who reported using only physical sites as locations through which they met other male sexual partners were defined as physical site MSM (PMSM). Participants who reported using dual sites, that is both physical sites and virtual sites as locations through which they met male sexual partners, were defined as dual site MSM (DMSM). Participants who self‐reported only virtual sites as locations through which they met other male sex partners were defined as virtual site MSM (VMSM).

Socio‐demographic characteristics included current age, highest level of educational attainment and monthly income. Variables related to sexual behaviour included: preferred sexual position/role; age at first anal/oral sex with a man; duration in years since first anal/oral sex with a man; number of different male partners in the past one month; receipt of money or gifts in exchange for sex with a man and condom use at last sex with a male partner. The two measures of engagement with MSM‐focused HIV services were as follows: contact by a peer educator in the prior three months; and visit to an MSM‐focused clinic/drop‐in centre in the previous three months. HIV testing was measured via self‐reported "ever" tested for HIV, and self‐reported HIV test in the previous twelve, six and three months.

We compared available HIV "cascade/care continuum" indicators among those living with HIV: the proportion diagnosed and aware of their results at the time of the survey; the proportion registered in an HIV care and treatment programme; those ever on ART; those currently on ART; and among those currently on ART, the proportion who missed taking ART last month. Among participants living with HIV, those who reported their HIV status as HIV‐negative, or did not know, or did not want to disclose, were classified as undiagnosed and unaware. We used chi‐square tests for comparison of proportions, and the Kruskal--Wallis H non‐parametric test to compare medians.

To determine if engagement in a particular sex network was independently associated with prevalent HIV infection, we performed multivariate logistic regression using HIV infection (based on the dried blood spot serology result) as the outcome variable. Our main exposure variable of interest was sole engagement in physical sites, dual site engagement or sole engagement in virtual sites. We adjusted for county and for potential individual‐level confounders for prevalent HIV infection based on prior literature \[[19](#jia225516-bib-0019){ref-type="ref"}, [20](#jia225516-bib-0020){ref-type="ref"}, [21](#jia225516-bib-0021){ref-type="ref"}, [22](#jia225516-bib-0022){ref-type="ref"}\]: socio‐demographic characteristics (age, educational attainment); and sexual behaviour and partnership characteristics. The unadjusted and adjusted analyses excluded 11 participants who responded "other" or "no answer" to the question related to preference with respect to sexual position/role. We have presented the crude and adjusted odds ratios (ORs) of prevalent HIV infection among VMSM and for DMSM compared to PMSM; and the corresponding 95% confidence intervals (CIs). Data were analysed using SPSS 25 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.).

2.5. Ethics approval {#jia225516-sec-0011}
--------------------

The study received ethics approval from the institutional review boards of the Kenyatta National Hospital -- University of Nairobi, Kenya (P557/08/2018) and the University of Manitoba -- Health Research Ethics Board, Winnipeg, Canada (HS22205).

3. RESULTS {#jia225516-sec-0012}
==========

3.1. Comparison of socio‐demographic and sexual behaviour {#jia225516-sec-0013}
---------------------------------------------------------

The non‐response rate from sampling of physical sites was 13%, but was not documented from the sampling of virtual sites (Table [1](#jia225516-tbl-0001){ref-type="table"}). Overall, 177/1200 (14.7%) of participants reporting solely using physical sites (PMSM), 768/1200 (64.0%) reported using dual sites (DMSM) and 255/1200 (21.2%) reported solely using virtual sites (VMSM). The socio‐demographic and sexual behaviour characteristics by network engagement are depicted in Table [1](#jia225516-tbl-0001){ref-type="table"}.

###### 

Comparison of socio‐demographic and sexual behaviour among MSM by network type in Kenya, May to July 2019

                                                                    Total                 PMSM[^a^](#jia225516-note-0003){ref-type="fn"}   DMSM[^a^](#jia225516-note-0003){ref-type="fn"}   VMSM[^a^](#jia225516-note-0003){ref-type="fn"}   *p* value
  ----------------------------------------------------------------- --------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------ -----------
  Age (years)                                                                                                                                                                                                                                
  Median (IQR)                                                      23 (21.0 to 27.0)     23.0 (21.0 to 27.0)                              24.0 (21.0 to 27.0)                              23.0 (21.0 to 27.0)                              0.022
  \<25 years                                                        61.1%                 59.3%                                            60.2%                                            65.1%                                            0.327
  25 + years                                                        38.9%                 40.7%                                            39.8%                                            34.9%                                            
  Highest level of educational attainment                                                                                                                                                                                                    
  Up to primary                                                     19.8%                 27.1%                                            21.9%                                            8.6%                                             0.000
  Secondary                                                         49.4%                 50.3%                                            49.3%                                            49.0%                                            
  Post -- secondary[^b^](#jia225516-note-0004){ref-type="fn"}       30.8%                 22.6%                                            28.8%                                            42.4%                                            
  Monthly income                                                                                                                                                                                                                             
  Median (IQR)                                                      8000 (0 to 15000)     8000 (4000 to 15000)                             9000 (2000 to 15000)                             0.0 (0 to 16000)                                 0.004
  No income                                                         29.3%                 19.8%                                            24.0%                                            52.2%                                            0.000
  \<10000 Shilling/\<100 USD                                        24.3%                 36.2%                                            27.0%                                            7.8%                                             
  10000 + Shilling/100 + USD                                        46.4%                 44.1%                                            49.1%                                            40.0%                                            
  Preference with respect to sexual position/role                                                                                                                                                                                            
  Predominantly receptive (bottom)                                  21.8%                 18.1%                                            20.1%                                            29.4%                                            0.002
  Predominantly insertive (top)                                     45.8%                 56.5%                                            45.2%                                            40.0%                                            
  Both receptive and penetrative                                    31.6%                 24.9%                                            33.6%                                            30.2%                                            
  Others/non‐answer                                                 0.9%                  0.6%                                             1.2%                                             0.4%                                             
  Age at first anal/oral sex with a man (years)                                                                                                                                                                                              
  Median (IQR)                                                      18.0 (16.0 to 20.0)   18.0 (16.0 to 22.0)                              18.0 (16.0 to 20.0)                              18.0 (17.0 to 20.0)                              0.025
  \<15 years                                                        10.3%                 7.3%                                             12.4%                                            6.3%                                             0.003
  15 to 17 years                                                    34.5%                 33.3%                                            36.1%                                            30.6%                                            
  18 + years                                                        55.2%                 59.3%                                            51.6%                                            63.1%                                            
  Duration since first had anal/oral sex with another man (years)                                                                                                                                                                            
  Median (IQR)                                                      5.0 (3.0 to 8.0)      4.0 (2.0 to 7.0)                                 5.0 (3.0 to 9.0)                                 4.0 (2.0 to 7.0)                                 0.020
  \<5 years                                                         46.0%                 53.7%                                            42.0%                                            52.8%                                            0.001
  5 to 9 years                                                      34.2%                 30.5%                                            35.1%                                            34.3%                                            
  10 + years                                                        19.8%                 15.8%                                            22.9%                                            13.0%                                            
  Number of different male sexual partners in the past one month                                                                                                                                                                             
  Median (IQR)                                                      2.0 (1.0 to 3.0)      1.0 (1.0 to 3.0)                                 2.0 (1.0 to 3.0)                                 2.0 (1.0 to 3.0)                                 0.832
  \<2                                                               41.1%                 58.9%                                            37.6%                                            39.2%                                            0.000
  2+                                                                58.9%                 41.1%                                            62.4%                                            60.8%                                            
  Received money/gift in exchange of sex with man                   59.9%                 64.4%                                            66.0%                                            38.4%                                            0.000
  Condom use with last male sexual partner                          71.8%                 67.0%                                            73.1%                                            71.1%                                            0.260

IQR, inter‐quartile range; MSM, men who have sex with men.

PMSM (physical‐space only network); DMSM (dual network); VMSM (virtual‐space only network). Participants who self‐reported only virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met other male sex partners were defined as MSM who met sex partners solely using virtual sites (VMSM). Participants who reported using only physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) as locations through which they met other male sexual partners were defined as MSM who met sex partners solely using physical sites (PVSM). Participants who reported using both physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) and virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met male sexual partners were defined as MSM who met sex partners using dual sites (DMSM);

post‐secondary (tertiary/college/university).

John Wiley & Sons, Ltd

Although the age distribution across groups was similar, VMSM were more likely to report higher educational attainment (42.4% reported post‐secondary as their highest level of education, compared with 22.6% of PMSM and 28.8% of DMSM, *p* \< 0.001); and to report zero monthly income (52.2% of VMSM vs. 19.8% of PMSM and vs. 24.0% of DMSM, *p* \< 0.001). There was notable variability in preferred sexual position or role, as a higher (29.4%) of VMSM preferred a predominant receptive anal sex role, compared with 18.1% of PMSM and 20.1% of DMSM, *p* = 0.002. The median age at first anal/oral sex with a man was similar across groups, but the age distribution was different, with a slightly higher proportion (63.1%) of VMSM reporting first sex after age 18 years, as compared with PMSM (59.3%) and DMSM (51.6%), *p* = 0.003. Accordingly, and given a similar distribution in current age, VMSM reported a shorter duration since first sex with another man. The median number of male sex partners in the past month was similar across groups, but a higher proportion of VMSM (60.8%) and DMSM (62.4%) reported more than two sex partners, as compared with PMSM (41.1%, *p* \< 0.001). Fewer (38.4%) of VMSM reported receiving money/gifts in exchange for sex with men, as compared with 64.4% of PMSM and 66.0% of DMSM (*p* \< 0.001). The proportion of men who reported condom use with last male sex partner was similar across groups.

3.2. Comparison of engagement in MSM‐focused HIV services and HIV testing {#jia225516-sec-0014}
-------------------------------------------------------------------------

Half of VMSM (50.2%) and DMSM (51.3%) had been contacted by a peer educator or outreach worker from an MSM‐focused HIV service in the previous three months, as compared with only 36.0% of PMSM (*p* \< 0.001) (Table [2](#jia225516-tbl-0002){ref-type="table"}). Similarly, half of VMSM (48.6%) and DMSM (49.0%) had visited an MSM‐focused HIV clinic or drop‐in centre in the previous three months, compared with only 31.1% of PMSM (*p* \< 0.001). Nearly all respondents reported a prior HIV test (97.0%), and HIV testing in the past 12 months was also high (85.1%), and similar across groups. However, the likelihood of recent testing was highest in VMSM, followed by DMSM, and lowest in PMSM: 78.5%, 70.4% and 68.4% were tested in the previous six months, *p* = 0.03; and 68.7%, 58.2% and 57.3 were tested in the previous three months, *p* = 0.01. With respect to their most recent HIV test, 20.0%, 29.63% and 40.2% of PMSM, DMSM and VMSM had been tested in an MSM‐focused clinic (*p* \< 0.001, Table [S1](#jia225516-sup-0002){ref-type="supplementary-material"}).

###### 

Engagement in MSM‐focused HIV services and HIV testing among MSM by network type in Kenya, May to July 2019

                                                                                                      Total   PMSM[^a^](#jia225516-note-0006){ref-type="fn"}    DMSM[^a^](#jia225516-note-0006){ref-type="fn"}    VMSM[^a^](#jia225516-note-0006){ref-type="fn"}    *p* value
  --------------------------------------------------------------------------------------------------- ------- ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- -----------
  Contacts with MSM‐focused HIV programme                                                                                                                                                                                                                           
  Contacted by a peer educator or outreach worker in the past three months (N = 1194)                 48.8%   36.0%                                             51.3%                                             50.2%                                             0.001
  Visited an MSM‐focused HIV programme clinic or drop‐in centre in the past three months (N = 1199)   46.3%   31.1%                                             49.0%                                             48.6%                                             0.001
  HIV testing                                                                                                                                                                                                                                                       
  Ever tested for HIV (N = 1200)                                                                      97.0%   95.5%                                             97.4%                                             96.9%                                             0.400
  Tested for HIV in the past 12 months (N = 1184)                                                     85.1%   82.2%[^b^](#jia225516-note-0007){ref-type="fn"}   84.5%[^c^](#jia225516-note-0008){ref-type="fn"}   89.1%[^d^](#jia225516-note-0009){ref-type="fn"}   0.104
  Tested for HIV in the past six months (N = 1170)                                                    71.8%   68.4%[^b^](#jia225516-note-0007){ref-type="fn"}   70.4%[^c^](#jia225516-note-0008){ref-type="fn"}   78.5%[^d^](#jia225516-note-0009){ref-type="fn"}   0.029
  Tested for HIV in the past three months (N = 1153)                                                  60.3%   57.3%[^b^](#jia225516-note-0007){ref-type="fn"}   58.2%[^c^](#jia225516-note-0008){ref-type="fn"}   68.7%[^d^](#jia225516-note-0009){ref-type="fn"}   0.010

MSM, men who have sex with men.

PMSM (physical‐space only network); DMSM (dual network); VMSM (virtual‐space only network). Participants who self‐reported only virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met other male sex partners were defined as MSM who met sex partners solely using virtual sites (VMSM). Participants who reported using only physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) as locations through which they met other male sexual partners were defined as MSM who met sex partners solely using physical sites (PVSM). Participants who reported using both physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) and virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met male sexual partners were defined as MSM who met sex partners using dual sites (DMSM);

among PMSM, the denominator was N = 174, N = 171 and N = 171, for individuals tested in the past twelve, six and three months respectively. Individuals reported that in their most recent HIV test at \>12, \>6 months ago as positives were removed from the numerator and denominator of the analysis of \>6 and \>3 months respectively;

among DMSM, the denominator was N = 762, N = 753 and N = 739, for individuals tested in the past twelve, six and three months respectively. Individuals reported that in their most recent HIV test at \>12, \>6 months ago as positives were removed from the numerator and denominator of the analysis of \>6 and \>3 months respectively;

among VMSM, the denominator was N = 248, N = 246 and N = 243, for individuals tested in the past twelve, six and three months respectively. Individuals reported that in their most recent HIV test at \>12, \>6 months ago as positives were removed from the numerator and denominator of the analysis of \>6 and \>3 months respectively.

John Wiley & Sons, Ltd

3.3. Comparison of the HIV cascade/care continuum {#jia225516-sec-0015}
-------------------------------------------------

HIV prevalence was highest in VMSM (26.7%, 95% CI: 21.2 to 32.1), followed by DMSM (15.4% 95%, CI: 12.8 to 17.9) and lowest in PMSM (8.5%, 95% CI: 4.3 to 12.6; *p* \< 0.001) (Table [3](#jia225516-tbl-0003){ref-type="table"}). Among those living with HIV, 46.7% (PMSM), 41.5% (DMSM) and 29.4% (VMSM) were diagnosed and aware of their HIV status (*p* = 0.220). Of the 201 participants living with HIV, 32.8% were registered at an HIV treatment and care centre, all of whom had "ever initiated on ART" and 32.3% were currently on ART (40.0% in PMSM, 35.6% in DMSM and 25.0% of VMSM, *p* = 0.270). However, of those on ART, 50.0% of PMSM, 60.5% of DMSM and 88.2% of VMSM never missed taking their ARV in the past one month, *p* = 0.08).

###### 

HIV prevalence and HIV cascade among MSM living with HIV by network type in Kenya, May to July 2019

                                                             Total (N = 1200)        PMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 177)   DMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 768)   VMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 255)   *p* value
  ---------------------------------------------------------- ----------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- -----------
  HIV prevalence[^b^](#jia225516-note-0012){ref-type="fn"}   16.8 \[14.6 to 18.9\]   8.5 \[4.3 to 12.6\]                                        15.4 \[12.8 to 19.9\]                                      26.7 \[21.2 to 32.1\]                                      0.000

                                                                                               Total MSM living with HIV[^b^](#jia225516-note-0012){ref-type="fn"} (N = 201)   PMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 15)   DMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 118)   VMSM[^a^](#jia225516-note-0011){ref-type="fn"} (N = 68)   *p* value
  -------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------- --------------------------------------------------------- -----------
  MSM living with HIV aware of HIV‐positive status[^c^](#jia225516-note-0013){ref-type="fn"}   37.8%                                                                           46.7%                                                     41.5%                                                      29.4%                                                     0.220
  Registered in HIV treatment and care centre                                                  32.8%                                                                           40.0%                                                     35.6%                                                      26.5%                                                     0.367
  Ever on ART                                                                                  32.8%                                                                           40.0%                                                     35.6%                                                      26.5%                                                     0.367
  Currently on ART                                                                             32.3%                                                                           40.0%                                                     35.6%                                                      25.0%                                                     0.266
  Never missed taking ARV in the past one month (of those currently on ART) (N = 66)           66.7%                                                                           50.0%                                                     60.5%                                                      88.2%                                                     0.080

ART, antiretroviral treatment; MSM, men who have sex with men

PMSM (physical‐space only network); DMSM (dual network); VMSM (virtual‐space only network). Participants who self‐reported only virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met other male sex partners were defined as MSM who met sex partners solely using virtual sites (VMSM). Participants who reported using only physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) as locations through which they met other male sexual partners were defined as MSM who met sex partners solely using physical sites (PVSM). Participants who reported using both physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) and virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met male sexual partners were defined as MSM who met sex partners using dual sites (DMSM);

HIV serology based on the dried blood test;

aware of HIV status based on self‐reported positive status as per the last test HIV prior to the study and the test was HIV positive. Individuals who had "never tested for HIV" were categorized as not aware. All respondents who had "ever tested for HIV" and disclosed their last HIV test result to the interviewer were considered as aware of HIV status.
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3.4. Association between network engagement and prevalent HIV infection {#jia225516-sec-0016}
-----------------------------------------------------------------------

Compared with PMSM, DMSM were at a twofold (unadjusted OR 1.96, 95% CI: 1.12 to 3.45) higher risk of a prevalent HIV infection; and VMSM were at a fourfold higher risk (unadjusted OR 3.93, 95% CI: 2.16 to 7.14) (Table [4](#jia225516-tbl-0004){ref-type="table"}). The association between network type and HIV persisted in direction and magnitude after adjusting for county and for potential individual‐level confounders: VMSM versus PMSM (adjusted OR 3.88, 95% CI: 1.84 to 8.17) and DMSM versus PMSM (adjusted OR 2.00, 95% CI: 1.03 to 3.87).

###### 

Independent association between network type and HIV after adjusting for county and individual -- level risk factors for HIV among MSM in Kenya, May to July 2019

                                                                                                     Prevalence of HIV infection (N = 197/1200)[^a^](#jia225516-note-0015){ref-type="fn"}                                   
  -------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------- ------- ----------------------- -------
  Network[^b^](#jia225516-note-0016){ref-type="fn"}                                                                                                                                                                         
  PMSM                                                                                               1                                                                                      Ref     1                       Ref
  VMSM                                                                                               3.93 \[2.16 to 7.14\]                                                                  0.000   3.26 \[1.60 to 6.67\]   0.001
  DMSM                                                                                               1.96 \[1.12 to 3.45\]                                                                  0.019   1.79 \[0.95 to 3.36\]   0.072
  County                                                                                                                                                                                                                    
  Kisumu                                                                                             1                                                                                      Ref     1                       Ref
  Mombasa                                                                                            2.57 \[1.66 to 3.97\]                                                                  0.000   1.46 \[0.88 to 2.43\]   0.141
  Kiambu                                                                                             3.37 \[2.20 to 5.15\]                                                                  0.000   2.11 \[1.26 to 3.51\]   0.004
  Age (years)[^c^](#jia225516-note-0016){ref-type="fn"}                                              1.10 \[1.07 to 1.13\]                                                                  0.000   1.13 \[1.09 to 1.17\]   0.000
  Highest level of Education attainment                                                                                                                                                                                     
  Up to primary                                                                                      1                                                                                      Ref     1                       Ref
  Secondary                                                                                          0.63 \[0.42 to 0.93\]                                                                  0.020   0.85 \[0.53 to 1.37\]   0.509
  Post -- secondary[^d^](#jia225516-note-0018){ref-type="fn"}                                        0.96 \[0.64 to 1.44\]                                                                  0.843   1.24 \[0.74 to 2.06\]   0.412
  Monthly income[^c^](#jia225516-note-0017){ref-type="fn"}                                           1.00 \[1.00 to 1.00\]                                                                  0.085   1.00 \[1.00 to 1.00\]   0.905
  Preference with respect to sexual position                                                                                                                                                                                
  Insertive (top)                                                                                    1                                                                                      Ref     1                       Ref
  Receptive (bottom)                                                                                 2.73 \[1.82 to 4.11\]                                                                  0.000   2.59 \[1.67 to 4.02\]   0.000
  Both                                                                                               2.85 \[1.96 to 4.13\]                                                                  0.000   2.26 \[1.51 to 3.37\]   0.000
  Age at first anal/oral sex with a man (years)[^c^](#jia225516-note-0017){ref-type="fn"}            0.98 \[0.94 to 1.02\]                                                                  0.351   0.94 \[0.90 to 0.98\]   0.003
  Number of male sexual partners in the past one month[^c^](#jia225516-note-0017){ref-type="fn"}     1.08 \[1.03 to 1.14\]                                                                  0.002   1.04 \[0.98 to 1.10\]   0.192
  Receive money/gift in exchange of sex with another man[^e^](#jia225516-note-0019){ref-type="fn"}                                                                                                                          
  No                                                                                                 1                                                                                      Ref     1                       Ref
  Yes                                                                                                0.97 \[0.71 to 1.32\]                                                                  0.843   1.03 \[0.70 to 1.51\]   0.889

CI, confidence interval; MSM, men who have sex with men.

HIV serology based on the dried blood test. Analyses excludes N = 11 respondents who responded as "other" or "no answer" to question related to preference with respect to sexual position;

PMSM (physical‐space only network); DMSM (dual network); VMSM (virtual‐space only network). Participants who self‐reported only virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met other male sex partners were defined as MSM who met sex partners solely using virtual sites (VMSM). Participants who reported using only physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) as locations through which they met other male sexual partners were defined as MSM who met sex partners solely using physical sites (PVSM). Participants who reported using both physical sites (street, home, bus/taxi stand/lodge/markets/social gatherings) and virtual sites (Internet/web app, Facebook, WhatsApp, mobile) as locations through which they met male sexual partners were defined as MSM who met sex partners using dual sites (DMSM);

included as continuous variable;

post‐secondary (tertiary/college/university);

asked as "do you receive money/gifts in exchange for sex with another man?"
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4. DISCUSSION {#jia225516-sec-0017}
=============

Our cross‐sectional study identified a large subset of MSM in Kenya who use both virtual and physical sites to meet sex partners; and smaller, but important subsets who only use virtual sites or only physical sites. A surprising finding was that recent engagement with MSM‐focused HIV services and recent HIV testing was more commonly reported by men engaged in virtual networks (either solely or as part of a dual network). However, engagement in virtual networks was associated with a two to fourfold higher risk of prevalent HIV infection compared with sole engagement in physical sites, which could not be explained by geography nor by individual‐level risk factors examined in the study.

The use of virtual sites to meet partners was more commonly reported in our study (85% of MSM overall, including those who exclusively used virtual sites and those who used physical sites as well) than in other studies across sub‐Saharan Africa \[[10](#jia225516-bib-0010){ref-type="ref"}, [14](#jia225516-bib-0014){ref-type="ref"}, [15](#jia225516-bib-0015){ref-type="ref"}\]. This may reflect differences in socio‐political and Internet availability, but also temporal differences, as suggested from other high income settings, where the use of virtual spaces has increased over time \[[25](#jia225516-bib-0025){ref-type="ref"}\].

There were notable differences between the three networks. Chief among them was higher educational attainment, yet higher levels of zero income among VMSM. We hypothesize that this may be because VMSM include a large proportion of (unemployed) college or other students; however, we did not ask about current educational enrolment in the survey. The educational profile of VMSM in our study is similar to the educational profile of MSM engaged in virtual networks in Lesotho, Eswatini and Nigeria \[[10](#jia225516-bib-0010){ref-type="ref"}, [15](#jia225516-bib-0015){ref-type="ref"}\]. The sexual behaviour of VMSM and of DMSM included factors known to be associated with both higher and lower HIV risk. Our findings show that MSM who seek sexual partners in virtual sites (either solely or along with physical sites) preferred receptive anal sex role and had more sexual partners. Studies from Asia and United States have shown that MSM who seek sexual partners on the Internet had more homosexual partners, similar to our study \[[12](#jia225516-bib-0012){ref-type="ref"}\].

Our finding of an elevated risk of HIV in MSM who meet sex partners online is similar to findings from China \[[12](#jia225516-bib-0012){ref-type="ref"}\], Malawi \[[14](#jia225516-bib-0014){ref-type="ref"}\] and Nigeria \[[15](#jia225516-bib-0015){ref-type="ref"}\]. Importantly, the individual‐level risk factors that we explored could not explain the difference between the two groups. One possible explanation for this could be that there are unexplained confounders such as the experience of violence or condomless anal sex, which can lead to increased individual‐level risk of HIV acquisition \[[18](#jia225516-bib-0018){ref-type="ref"}, [26](#jia225516-bib-0026){ref-type="ref"}\]. Another reason could be that the structure of the sexual network itself increases the likelihood of acquiring HIV, even if all other individual‐level or partner‐level factors remain the same \[[27](#jia225516-bib-0027){ref-type="ref"}\]. If a subset of MSM meet sex partners via virtual sites, then the likelihood that their sex partner is living with HIV is already two to three times that of MSM in other networks. Sexual network characteristics such as network structure, density, homophily and a person's centrality within a sexual network play important roles in understanding HIV transmission among MSM \[[27](#jia225516-bib-0027){ref-type="ref"}, [28](#jia225516-bib-0028){ref-type="ref"}, [29](#jia225516-bib-0029){ref-type="ref"}\].

The overall high proportion of undiagnosed HIV is consistent with findings from several countries in sub‐Saharan Africa \[[14](#jia225516-bib-0014){ref-type="ref"}\], and is cause for concern when the proportion recently tested is moderately high. The reasons for low awareness could include acquisition of HIV after the last test or having tested during the window period and received a negative test result \[[30](#jia225516-bib-0030){ref-type="ref"}\]. Some participants living with HIV may have been aware of their HIV diagnosis but did not wish to disclose in a face‐to‐face interview due to fear of stigma or discrimination \[[31](#jia225516-bib-0031){ref-type="ref"}\] or social desirability bias. If VMSM and DMSM experience a higher incidence of HIV compared to PMSM (as the prevalence data would suggest), then HIV testing frequency among MSM in virtual networks should be further enhanced. Stanford et al. found that increased frequency of HIV testing was related to awareness of the HIV diagnosis \[[32](#jia225516-bib-0032){ref-type="ref"}\]. Our findings also suggest that once MSM living with HIV are diagnosed, then initiation into ART, and adherence to ART programme, is good. Of note, VMSM were more likely to adhere to their ARVs, a finding that warrants further exploration \[[33](#jia225516-bib-0033){ref-type="ref"}\]. Our findings also suggest that with new strong evidence around undetectable equals untransmittable \[[34](#jia225516-bib-0034){ref-type="ref"}\], reducing the undiagnosed fraction among men engaged in virtual networks, along with their initiation and retention on ART, could be an important strategy for reducing onward transmission of infection.

These findings have several implications for HIV prevention and care programming for MSM. First, moving from individual‐level risk factors to considering networks -- and thus, types of networks -- could better identify subsets of MSM who remain most vulnerable to HIV acquisition and transmission. Network types, therefore, could be prioritized for HIV prevention and treatment, and MSM‐focused services could harness virtual sites to reach MSM \[[35](#jia225516-bib-0035){ref-type="ref"}, [36](#jia225516-bib-0036){ref-type="ref"}, [37](#jia225516-bib-0037){ref-type="ref"}, [38](#jia225516-bib-0038){ref-type="ref"}, [39](#jia225516-bib-0039){ref-type="ref"}, [40](#jia225516-bib-0040){ref-type="ref"}, [41](#jia225516-bib-0041){ref-type="ref"}, [42](#jia225516-bib-0042){ref-type="ref"}\]. A systematic review of HIV intervention delivery among MSM in sub‐Saharan Africa identified pilot projects to reach MSM through the Internet in Ghana and the Democratic Republic of Congo \[[43](#jia225516-bib-0043){ref-type="ref"}\]. Sexual networks are dynamic, and our findings signal the importance of leveraging how MSM connect with each other and the information platforms they use, to deliver rights‐based and effective HIV prevention and treatment interventions.

To date, few studies from low and middle income countries have compared MSM across such networks to characterize their profiles and their HIV risks and HIV prevalence \[[12](#jia225516-bib-0012){ref-type="ref"}, [44](#jia225516-bib-0044){ref-type="ref"}, [45](#jia225516-bib-0045){ref-type="ref"}\]; to our knowledge, our study is one of the first from East Africa to do so. However, our study has important limitations. First, the data were collected via face‐to‐face interviews and thus are subject to social desirability bias, with the possibility of underreporting of higher risk practices or HIV status \[[46](#jia225516-bib-0046){ref-type="ref"}\]. Second, our definitions of VMSM, PMSM and DMSM did not include a time‐frame, and so we could not distinguish men who used virtual sites for a short period of time from those who used them for several years. Third, we combined data from three counties, and although we adjusted for county when exploring the association between network engagement and HIV, further work is needed to characterize the sexual networks within each county. Fourth, the sampling method included multi‐stage sampling of physical sites and of virtual sites, which means that there could be some within‐site homogeneity in estimates because we recruited two seeds and two peers, we could not appropriately account for within‐cluster homogeneity in our analysis and thus may have overestimated differences between groups. The 2018 mapping and enumeration of MSM in Kenya signalled the importance of recruiting MSM from virtual sites (as 25% of MSM sought male sexual partners solely in the virtual sites), and thus it was critical to include virtual‐site sampling. However, there are no established approaches to doing so, and our approach (like those of others) might lead to selection bias. For example, participants from the virtual sites who are online at the same time might belong to the same subnetwork, and may therefore have similar characteristics. Our approach to virtual‐site sampling made it challenging to document a non‐response rate, which further limits our ability to judge selection bias. Fifth, we did not include sexual identity in our list of variables because we erroneously merged the categorical responses in the study tool. Sixth, we did not ask questions about current or recent schooling level, which may be important in understanding participants in virtual networks. Finally, we did not measure exposure to ART via biological sampling, and thus are limited to self‐reported ART status.

Further research is needed to understand the reasons for the high proportion of MSM who indicated that they were undiagnosed, even after moderately frequent testing. This could help us to understand the optimal frequency of HIV testing. Our findings also call for investigation into the structure and characteristics of virtual and dual networks, and how structures of networks might help to explain observed HIV prevalences. Studies in Kenya have shown that MSM also have female partners and engage in sex work \[[47](#jia225516-bib-0047){ref-type="ref"}\]. Further research is needed to understand heterosexual sexual relationships among MSM engaged in virtual sites and their sex work‐related partnerships. Finally, we need implementation and programme science to assess how, when and under what contexts innovative network‐based interventions could be effectively delivered within virtual sites for MSM in Kenya, and across sub‐Saharan Africa.

5. CONCLUSIONS {#jia225516-sec-0018}
==============

Virtual spaces have become common ways to meet sex partners among MSM in Kenya, and are associated with a two to threefold greater risk of HIV compared to those using only physical sites. Hence, tailoring HIV‐related prevention, testing and treatment programmes to MSM using virtual sites should be an important focus for HIV prevention and care programmes.

Programmes need to better understand the heterogeneity in the MSM population and develop different service delivery models to enable: (a) effective reach of prevention interventions such as PrEP and condoms, (b) frequent testing and early diagnosis and (c) entry and retention in care and treatment.
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